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Detector

Figure 2: Side view of the LHCb upgraded detector.

The Vertex Locator (VELO) [8] is the tracking detector devoted to the precise measurement
of primary vertices and displaced vertices of short living particles. The current VELO, based on
silicon microstrips technology, will be replaced by 26 tracking layers based on 50x50 µm2 pixel
technology that will ensure a better hit resolution and simpler track reconstruction. Figure
3.a shows a sketch of the tracking detector. The upgraded VELO will be closer to the beam
axis, from the current 8.4 mm up to 5.1 mm from it, and the particles will see substantially
less detector material, from 4.6% to 1.7% radiation lengths, before the intersection of the first
tracking layers which are the crucial ones to determine the resolution on the measurement of
the impact parameter of the particles. These improvements will improve the impact parameter
resolution by a factor of about 40%, increase the VELO tracking efficiency especially for low
momentum tracks, and provide a better decay time resolution. In order to reduce the radiation
damage to the sensors, the detector layers will be opened while not taking data and closed
when stable beam condition is reached. The sensors will be cooled at the temperature of -20 °C
exploiting an innovative microchannel CO2 cooling technology.

The Upstream Tracker (UT) [9] will be used for downstream reconstruction of long lived
particles decaying after the VELO. It will be also essential to improve the trigger timing, and
the momentum resolution. The UT will be composed by 4 tracking layers based on silicon strip
technology. A UT layer is sketched in Figure 3.b. The inner sensors will be closer to the beam
pipe with respect to the current tracker, in order to increase the geometrical acceptance. The
segmentation and technology of the sensors is driven by the expected particle occupancy and
radiation dose. In the outer region, the strips will be 99.5 mm long with 180 µm pitch, and based
on p+-in-n technology. The strips in the central region will have same length but 95 µm pitch,
and they will be based on n+-in-p technology in order to better sustain the higher radiation
dose. Finally, the strips closest to the beam will be 51.5 mm long, with 95 µm pith and based
on n+-in-p technology.

The Scintillating Fiber tracker (SciFi) [9] will be structured in 12 detector layers, and used
for track reconstruction after the magnet region thus providing measurement of the particle
momentum. Figure 3.c shows a sketch of a SciFi layer. The SciFi will be based on 2.4 m long
plastic scintillating fibres with 250 µm diameter, arranged on vertical direction. Each of the
detector layers will be composed of 6 layers of fibres, with a total layer thickness of 1.35 mm
and transversal dimensions of about 6 m x 5 m. On vertical direction the layers will be made of
two series of fibres separated by mirrors. The fibres will be readout by SiPMs placed on the top
and on the bottom of the detector layers, reading arrays of 50x50 µm2 sized pixels grouped in
arrays of 128 channels. SiPMs will be cooled at the temperature of -40 °C in order to decrease
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Real Time Analysis
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Proof-of-Concept

310 410 510

210

310

410

510

610

710

 
 
 

m(µ+µ−) [MeV ]

C
an

d
id
at
es
/
σ
[m

(µ
+
µ
−
)]
/
2

LHCb√
s = 13TeV

prompt µ+µ−

µQµQ

hh+ hµQ

⇒ isolation
applied

prompt-like sample

pT(µ) > 1GeV, p(µ) > 20GeV

Ilten Physics Prospects at LHCb 4 / 10



Timeline
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Supporting Measurements

PRL 121 (2018)

�
posed to the olderdata. The curve labelled ‘fiducial’ assumes

the reference values for the different contributions to the uncertainties: best fit proton and helium
fluxes, central values for the cross sections,propagation and central value for the Fisk potential.

We stress however that the whole uncertainty band can be spanned within the errors.

than primary, �p/p flux. Notice that the shaded yellow area does not coincide with the Min-
Med-Max envelope (see in particular between 50 and 100 GeV): this is not surprising, as it
just reflects the fact that the choices of the parameters which minimize and maximize the p̄/p
secondaries are slightly different from those of the primaries. However, the discrepancy is not
very large. We also notice for completeness that an additional source of uncertainty affects the
energy loss processes. Among these, the most relevant ones are the energy distribution in the
outcome of inelastic but non-annihilating interactions or elastic scatterings to the extent they
do not fully peak in the forward direction, as commonly assumed [55]. Although no detailed
assessment of these uncertainties exists in the literature, they should affect only the sub-GeV
energy range, where however experimental errors are significantly larger, and which lies outside
the main domain of interest of this article.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following figures“). We de-
scribe this process in the usual force field approximation [52], parameterized by the Fisk po-
tential φF , expressed in GV. As already mentioned in the introduction, the value taken by φF
is uncertain, as it depends on several complex parameters of the Solar activity and therefore
ultimately on the epoch of observation. In order to be conservative, we let φF vary in a wide
interval roughly centered around the value of the fixed Fisk potential for protons φpF (analo-
gously to what done in [25], approach ‘B’). Namely, φF = [0.3, 1.0] GV ' φpF ± 50%φpF . In
fig. 1, bottom right panel, we show the computation of the ratio with the uncertainties related
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• use LHCb as fixed target
with SMOG

• measurement of p̄
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Indirect Measurements
JHEP 08 (2017) JHEP 02 (2016)
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• any number of possible examples
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Direct Searches

• areas where LHCb does not compete
• luminosity: 10× less luminosity than ATLAS/CMS
• acceptance: 10% for 100 GeV, 1% for 1 TeV, . . .

• areas where LHCb does well
• flavor: anything that requires PID other than pions/leptons
• displaced: 50 fs lifetime resolution
• narrow: 0.4% mass resolution (muons)
• trigger: flexible with real time calibration and full reconstruction
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http://arxiv.org/abs/1910.06926


Contributing Paper

• already have a starting point with arXiv:1808.08865 developed for
European Strategy for Particle Physics

• update results in relevant areas
• document in progress since August this year, aiming for end of

October

• resonance searches using B-decays (ALPs, HNLs, . . . )
• non-conserved currents in penguin B-decays
• inclusive resonance searches (A′ → ee, A′ → µµ, . . . )
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Joint Efforts and Outcomes

• ensure community is aware of future LHCb capabilities
• support for Upgrades Ib and II
• incorporate LHCb results into relevant summaries
• better understand cosmilogically motivated targets
• determine with TF any motivated overlooked signatures
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